Immunological responses to bacterial heat shock proteins have been implicated in the pathogenesis of arthritis in animals and humans. The predicted amino acid sequence of dnaJ, a heat shock protein from Escherichia coli, contains an 11-amino acid segment that is homologous to the third hypervariable region of the human histocompatibility antigen (HLA) DRB10401 (formerly known as HLA Dw4), the part of the molecule that carries susceptibility to rheumatoid arthritis. To test the biological significance of this finding, we expressed and purified recombinant dnaJ (rdnaJ), and determined its immunologic cross-reactivity with HLA DRB10401. A rabbit antipeptide antiserum raised against the sequence of the third hypervariable region of HLA DRB10401 specifically bound to 'dnaJ, thus confirming that a similar sequence is expressed on the bacterial protein. Of greater consequence, an antiserum to the 'dnaJ protein recognized not only a peptide from the third hypervariable region of HLA DRB10401, but also the intact HLA DRB10401 polypeptide. Furthermore, the antibody to rdnaJ reacted with HLA DRB10401 homozygous B lymphoblasts, but not with HLA DRB11501, DRB10101, DRB10301, and DRB10701 (formerly known as HLA Dw2, DR 1, DR 3, and DR 7, in the same order) homozygous cells. These results demonstrate that exposure to a bacterial heat shock protein can elicit antibodies against the rheumatoid arthritis susceptibility sequence in the third hypervariable region of HLA DRB10401. (J. Clin. Invest. 1992. 89:327-331.)
Introduction
Susceptibility to rheumatoid arthritis, a chronic inflammatory joint disease, is associated with human histocompatibility antigens (HLA) DRB 10401 and DRB 10101 (formerly known as Receivedforpublication I August 1991 and in revisedform 30 September 1991.
HLA DRI) (1, 2) . The molecular basis for this association is believed to be the presence of a shared amino acid sequence in the third hypervariable region of the 3 , B chain of the disease associated alleles (3, 4) .
How the third hypervariable regions of HLA DRB 10401 and HLA DRB10101 may influence susceptibility to rheumatoid arthritis is still unknown. The binding hypothesis states that this area controls binding of an arthritogenic peptide (5) . The T cell interaction hypothesis suggests that direct contact between this region (or a peptide derived from this region) and the antigen receptor of a T cell is involved in triggering disease by expanding or deleting a particular T cell population (6) .
These two hypotheses are not mutually exclusive.
Pathogens that are suspected to trigger HLA-associated autoimmune diseases may express proteins that share sequence identities with the third hypervariable regions of the disease associated alleles. This was first described for a Klebsiella pneumoniae nitrogenase that shares a five-amino acid identity with the third hypervariable region of the a, chain of HLA B27 (7) . We observed that the Epstein-Barr virus glycoprotein gpl 10 shares a six-amino acid stretch with the third hypervariable region of HLA DRB 10401 and that this common stretch constitutes a T cell epitope in humans (6, 8) .
Recent experiments have emphasized the potential role of bacterial heat shock proteins (Hsp) in the pathogenesis ofarthritis in animal models and in people (9, 10) . Heat shock proteins are major bacterial antigens. Antibodies and T cells reactive with the Hsp 65 class of heat shock proteins are abundant in synovial fluids of rheumatoid arthritis patients (9) .
In the present report, we show that dnaJ, a recently described heat shock protein from Escherichia coli, shares an 11-amino acid stretch of homology with the third hypervari- buffer (12) . We were unable to cut the rdnaJ protein from the upstream maltose binding protein by using the cleavage site for coagulation factor X located at the end of the maltose binding protein. Therefore, we raised a rabbit antiserum to the fusion protein and used it to purify TdnaJ expressed by cloning in the Xba 1 site ofa pUC 19 vector. Rabbit IgG were purified on immobilized protein A (Pierce Chemical Co., Rockford, IL) and coupled to an agarose support matrix (Affi-Gel Hz, Bio-Rad Laboratories, Richmond, CA). TdnaJ was then obtained by running the raw cellular extracts through the affinity column and eluting the bound protein in glycine buffer, pH 2.5. Polyacrylamide gel electrophoresis of the purified product showed one unique band with the expected molecular mass of 41 kD (Fig. 1, lane 1) .
Western blotting. 100 ug ofpurified rdnaJ, or of membrane proteins from either HLA DRB10401 or HLA DRB1 1501 homozygous lymphoblastoid cells, obtained by the method of Bordier (13) , were loaded on a 10% SDS-polyacrylamide gel. After electrophoresis, the proteins were transferred to nitrocellulose sheets. The filters were preincubated for 1 h in borate-buffered saline (BBS)', pH 8.0)/3% powdered milk; this was followed by overnight incubation at 4VC with the sera diluted to 1:10. For inhibition experiments, 100 ug/ml of peptide or protein was added to the antibody solution. After washing with BBS, filters were incubated with 1 MC/ml '25I-labeled protein A (Boehringer-Mannheim Biochemicals, Indianapolis, IN) diluted to 1:1,000, then washed with BBS, dried, and exposed to XAR film (Eastman Kodak Co., Rochester, NY) overnight at -70'C using an intensifier screen.
Enzyme-linked immunoabsorbent assay (ELISA). Antibody responses to TdnaJ were measured by ELISA. I00-,Ml aliquots of TdnaJ (10 Mug/ml) membrane proteins from HLA DRB10401 or DRB1 1501 homozygous cells (100 Mug/ml) were used to coat ELISA plates at 4VC overnight. Then different dilutions of rabbit sera were added for a 2-h incubation at room temperature. After washing with BBS/0.2% Tween-20, bound antibody was detected by using alkaline phosphatase-conjugated goat anti-rabbit IgG (Boehringer-Mannheim Biochemicals) diluted 1:1000. The results are expressed as the mean OD at 405 nm of duplicate wells. For inhibition experiments, the inhibitors (100 ,ug/ml) were incubated overnight with the serum before performance of the ELISA. Peptides and antibodies. The peptides used in this study were synthesized by the solid-phase method of Merrifield, modified slightly as described (14) , and then purified by reverse-phase HPLC on a C,8 column. The sequences of the peptides are as follows: HLA DRB10401 peptide, KDLLEQKRAAVDTYC; HLA DRB 10402 (formerly known as HLA DwlO) peptide, KDILEDRAAVDTYC. When used to raise antisera, the peptides were conjugated to keyhole limpet hemocyanin by using m-maleimidobenzoyl-N-hydroxyssucinamide ester (15) . New Zealand white rabbits received three subcutaneous injections of 1 mg of conjugate emulsified in complete Freund's adjuvant, with 2-wk in-1. Abbreviation used in this paper: BBS, borate-buffered saline.
tervals. The rabbits were bled 4 d after the last injection and sera were stored at -20'C.
Flow cytometric analyses. Either preimmune rabbit serum, or immune serum to rdnaJ were fractionated on a protein A column, and the bound IgG was eluted and digested with pepsin 1% (wt/vol) at pH 3.5 overnight. After neutralization, the residual IgG and Fc fragments were removed by a second passage over the protein A column.
Both HLA DRB10401 or DRB1 1501 homozygous lymphoblastoid cells were obtained from the American Type Culture Collection, Rockville, MD, and grown as described earlier (6) . Lymphoblastoid cells expressing HLA DRBI0101, DRB10301, and DRB10701 were kindly provided by Dr. F. Chisari, Scripps Clinic, La Jolla, CA. The cells were suspended at a density of 1 X 106/ml in isotonic phosphate-buffered saline (PBS) pH 7.5 containing 1% fetal bovine serum, and were incubated at 4VC for 30 min with (Fab)2 antibody to rdnaJ or with preimmune (Fab')2, at concentrations ranging from I to 100 Itg/ml. After 
Results
The QKRAA sequence from the third hypervariable region of HLA DRBJ0401 is contained in the predicted amino acid sequence ofdnaJ, a heat shockproteinfrom E. coli. The rheumatoid arthritis susceptibility sequence QKRAA is present on the predicted amino acid sequence of dnaJ, a recently described heat shock protein from E. coli (11) . The segment of dnaJ spanning residues 61-65 is identical to the segment of HLA DRB10401 encompassing residues 70-74. Furthermore, the following six amino acids on dnaJ, from positions 66 to 71, are similar to the sequence on HLA DRB10401 from positions 75 to 80, with two identities and three conservative changes between the two proteins (Table I) . These sequence data suggested that immunological cross-reactivity might exist between HLA DRB10401 and E. coli dnaJ. Subsequently studies were designed to test this prediction.
Rabbit antibody to a synthetic peptidefrom the third hypervariable region ofHLA DRB10401 recognizes 'dnaJ. A rabbit antibody (serum 84), which was raised against a peptide from the third hypervariable region of the HLA DRB10401 chain (KDLLEQKRAAVDTYC), has been shown to be specific for the QKRAA sequence (8) . This antibody (but not serum 88, specific for the HLA DRB 10402 peptide (KDILEDERAAVD-TYC) recognizes dnaJ, as shown by ELISA using rdnaJ coated plates (Fig. 2, upperpanel) and by Western blotting (Fig. 1, lane  2) . Recognition is inhibited by preincubation of serum 84 with HLA DRB10401 peptide (Fig. 1, lane 3, and Fig. 2 , upper (Fig. 2, lower) . Furthermore, the antiserum to rdnaJ bound to membrane protein extracts from HLA DRB 10401 homozygous cells as tested by ELISA (Fig. 3) . Binding was inhibited by preincubation of serum with the recombinant protein (100 ,g/ml) (Fig. 3) . To (Fig. 4) . Rabbit serum 84, that is specific for HLA DRB 10401 peptide and the HLA DRB 10401 chain (8) , gave the same pattern, confirming that the antibody to rdnaJ serum binds to HLA DRB10401 (Fig. 4) (11) . E. coli dnaK and dnaJ constitute a heat shock inducible operon whose function includes protein folding and assembly (17) . Of interest, human Hsp 70 maps in the major histocompatibility complex, between the HLA DR and the HLA B region (18 
